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ndustry has accepted vibration 
monitoring of critical and essen- 
&. tial rotating machinery as the 
best way to provide continuous pro- 
tection against detrimental vibration 
or thrust conditions. What has yet 
to be fully appreciated is the neces- 
sity of integrating critical process 
data with vibration and position 
data in machinery protection and 
management systems to provide 
event correlation and performance 
monitoring, and to allow for effec- 
tive root Cause analysis. 

The availability of comprehen- 
sive vibration and position data has 
allowed our customers to solve 
many problems. But, as most expe- 
rienced machinery engineers will 
attest, more than just vibration data 
is required. This other information 
is in the form of process-related 
data. In many situations, machinery 
behavior is affected by the process 
conditions. Conversely, the process 
can also be affected by the machine 
vibration characteristics. The 
machine and the process are insep- 
arable, and our management philos- 
ophy must reflect this interaction if 
we are to become more effective in 
solving problems and keeping 
machines online. 
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Figure 1. Typical Machinery Protection and Management System. 


Machinery protection systems 
must track critical parameters, pro- 
vide notification and shutdown pro- 
tection in the event of an unusual 
occurrence, and provide crucial 
information for early identification 
of developing machinery problems. 
Solving many of these problems 
first requires the acquisition of suf- 
ficient data to provide insight into 
rotor dynamic responses. 


But what is sufficient data? 

The larger rotating machines - 
such as gas and steam turbines, 
compressors, motors, Penerators, 
pumps, and fans - are generally 
equipped with fluid film radial and 
thrust bearings. The radial bearings 
are instrumented with XY proximity 
probes to provide shaft relative 


vibration and position information. 
Thrust bearings are also instru- 
mented with proximity probes to 
provide axial position measure- 
ments. Casing (seismic) vibration 
transducers are installed when 
foundations and bearing supports 
allow significant housing motion. 
Machines using rolling element 
bearings are generally monitored 
only with seismic transducers. 
Keyphasor® probes should be used 
on all machines to provide speed 
and phase measurements, The 
vibration and position data provided 
by these transducers plays a major 
role in identifying malfunctions, 
such as unbalance, rubs, fluid- 
induced instabilities, loose parts, 
bearing deterioration, misalign- 
ment, shaft cracks, motor electrical 
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system (Figure 1). 

Bently Nevada data acquisition 
and display systems, such as our 
Data Manager® 2000 (DM2000), and 
machinery Management systems, 
such as our Machine Condition 
Manager™ 2000 (MCM2000), direct- 
ly interface with machinery protec- 
tion systems, such as the 3500. 


Communications processors 
automatically collect, process, and 
store all available vibration and 
process data during steady state and 
transient (startup or coastdown) 
machine operation, and send it to 
the computer. A single system can 
simultaneously acquire data from 
many machines. There is no point- 
by-point polling, as in multiplexed 
systems - all points are simultane- 
ously sampled and stored, Static 
and dynamic data can be viewed in 
a variety of formats: bar graphs, 
machine train diagrams, trends, and 
diagnostic plot formats, such as 
orbit/timebase, full spectrum, polar, 
Bode, shaft centerline, etc. 


Additionally, the DM2000 and 
MCM2000 systems can be accessed 
via modem from remote locations, 
a powerful and liberating feature 
that allows us to Move Data, Not 
People®, providing communication 
and analysis of data from anywhere. 

But again we must ask ourselves, 
what data is sufficient? The follow- 
ing recommendations for process 
data are organized by the class of 
machinery being monitored. 
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combustor that introduces fuel and 
burns the air/fuel mixture, and an 
expansion (or power) turbine 
through which the hot, high pres- 
sure combustion gases expand, dri- 
ving the compressor and any other 
connected machinery. 


Gas turbines are subject to wide 
performance and vibration varia- 
tions when ambient air, fuel, or 
load values change. For example, 
high inlet air temperature reduces 
gas turbine performance, requiring 
higher fuel consumption for a spe- 
cific power level. Conversely, low 
air temperature causes the power to 
increase, If humidity is high, ice can 
form on the inlet filters, inlet duct- 
ing, and inlet casing of the com- 
pressor. Large accumulations of ice 
reduce and distort the airflow, 
which may cause compressor stall 
and surge. 


The following parameters, as a 
minimum, should be incorporated 
into the machinery management 
system: 


* Fuel flow 

e Ambient temperature and pres- 
sure 

è Inlet pressure and temperature 

* Discharge pressure and temper- 
ature 

* Inlet guide vane (IGV) position 


e NO, water injection rates (if 
applicable) 


* Total power generated (KW) or 
shaft speed and torque 


+ Kvars (generator drive applica- 
tions) 


* Fuel heating value 





other equipment, Sizes vary 
from small, single stage units of less 
than 100 hp to large power genera- 
tion units capable of over 1,000 
MW in a single machine train. 
However, despite these size varia- 
tions, steam conditions generally 
provide significant insight into any 
rotor response changes, such as 
rubs and shaft bow. Process vari- 
ables that should be monitored on 
each driver include: 


+ Steam supply and exhaust con- 
ditions - temperature, pressure, 
flow, quality 


® Extraction conditions (if 
applicable) 


+ Condenser vacuum 


+ Bearing metal and oil drain 
temperatures 


+ Gross generation (KW) or shaft 
speed and torque 


è Reheat steam conditions (if 
applicable) 

e Kvars (generator drive 
applications) 


Centrifugal compressors 


The compressor is one of the 
petrochemical 
industry's most 
durable and 

, dependable 
machines. In 
general, there is 
a more limited set of variables to be 
monitored in compressors than in 
gas and steam turbines, which 
helps when you are analyzing and 
troubleshooting. However, rotational 
speeds tend to be much higher. The 
following process parameters are 
considered key items: 
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© Bearing metal and oil drain 
temperatures — 


Centrifugal pumps 
Pumps are found in nearly every 
industry in a wide array of sizes and 
capacities. Larger pumps, such as 
boiler feed pumps and reactor recir- 
culation/coolant pumps, are often 
permanently monitored, though 
many smaller units are not. 
Regardless, the following parame- 
ters are necessary to effectively 
evaluate process-related 
phenomena: 
+ Speed 
+ Suction pressure and 
temperature 
* Discharge pressure and 
temperature 
* Flow 
* Bearing metal and oil drain 
temperatures 


+ Driver power 


University for ten years. 
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: red t | nd soul of the: 
REMENI, which he created in its current form. 
Professor Seleznev was also the Rector of the 


comprise the knl of 

problems seen. The | 

process variable list D 

reflects this: 

* Output (KW or MW) 

+ Reactive loading (vars) 

* Power factor 

* Coolant gas temperature and 
pressure 

* Winding temperatures 

e Field current 

* Bearing metal and oil drain 
temperatures 


Connectivity 

After deciding which process 
variables are important for a given 
machine, they must be integrated 
with the vibration data in a machin- 
ery Management system. We can 


acquire most of the process data via 


direct digital links with plant 
process computers and process 
controllers, These links are imple- 





using network communications is 
one sample every 4 seconds. Higher 
data densities can be achieved by 
using the TDXnet Communications 
Processor to sample signals con- 
nected to the 3500 Process Variable 
Monitor. The signals can be sam- 
pled at delta-time and delta-rpm 
intervals, just like vibration signals. 


Conclusion 


With the advances in digital com- 
munication speeds and the 
increased ease of network connec- 
tivity. there is little reason not to 
integrate critical process data into 
your machinery management 
system. By trending and correlating 
performance and vibration data, 
you are assured of better results 
and will also achieve a capable 
system for managing your 
machinery. 9 









| dente work in maaan research centers, and uni- 
versities. He made an enormous contribution to 
the field and will be truly missed. 9 
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